We have measured the Raman spectra of Sb doped (ZrTe 5Ϫx Sb x ; 0ϽxϽ0.25) and Hf doped (Zr y Hf 1Ϫy Te 5 ; 0ϽyϽ1) pentatellurides in the 90-300 cm Ϫ1 range, and compared them to the corresponding spectrum for the parent material ZrTe 5 . X-ray diffraction data revealed that the pentatelluride structure prevails at all doping concentrations. With increasing Sb concentration, the linewidths for three of the four Raman peaks observed at 115, 120, and 147 cm Ϫ1 in the parent material broadened with insignificant change in the linewidth for the fourth peak at 180 cm Ϫ1 . Interestingly, the peak intensity for the mode at 180 cm Ϫ1 gradually diminishes in ZrTe 5Ϫx Sb x up to xϭ0.15, and completely vanishes in the xϭ0.20 compound. On the other hand, the electrical and Raman properties of Zr y Hf 1Ϫy Te 5 exhibit a systematic shift from the corresponding properties of ZrTe 5 to that of HfTe 5 for increasing Hf concentration in the sample. Implications of the disappearance of the resistivity anomaly with concomitant vanishing of 180 cm Ϫ1 Raman mode in the Sb doped samples for xϭ0.20 composition are presented.
I. INTRODUCTION
The transition metal pentatellurides ZrTe 5 and HfTe 5 are known to exhibit an anomalously large peak in their electrical resistivity at T p ϳ140 and ϳ80 K, respectively. 1 The thermopower changes drastically from a large negative value ͑ϳ150 V/K͒ below T p to a positive value ͑ϳ200 V/K͒ above T p . Electron, x-ray, and neutron diffraction measurements around T p showed the absence of structural change in the materials from its orthorhombic C mcm (D 2h 17 ) structure at 300 K. A lack of evidence for a structural phase change was also confirmed from temperature dependent magnetic susceptibility 2 and previous Raman scattering experiments. [3] [4] [5] [6] In this article, we present the room temperature Raman scattering measurements in systematically doped ZrTe 5 and HfTe 5 with a view to corroborate doping induced changes in the electrical resistivity and thermopower measurements with corresponding changes in the vibrational properties. Both isoelectronic and heteroelectronic dopants were investigated in this study to obtain a full understanding of the influence of dopant molecules on the electrical and vibrational properties of the parent pentatellurides. We find that the intensities of the Raman active modes in both doped systems are sensitive to dopant concentration and correlate well with the changes in the electrical transport measurements. Collectively, this study finds that the anomalies in electrical measurements in doped pentatellurides stem primarily due to changes in the bond polarizability and not due to a structural phase transition͑s͒.
II. EXPERIMENTAL DETAILS

A. Synthesis of doped pentatelluride crystals
Doped pentatelluride crystals were prepared by first sealing Zr ͑or Hf͒, Te, and dopant powders in an evacuated quartz tube that is ϳ15 cm long and ϳ10 mm in outer diameter. The starting powders are confined to one end of the sealed tube and held at ϳ793 K while the opposite end is maintained at ϳ753 K. Crystal growth begins as a result of condensation of the metal vapors at the relatively cooler end of the ampoule. After a period of 1 week, the zone temperatures are lowered to 733 and 693 K, respectively. This is done to set a temperature/pressure gradient that aids the nucleation of the crystals. An additional 1 week later, doped pentatelluride crystals (ϳ7ϫ1ϫ0.07 mm͒ are obtained at one end of the sealed ampoule and are separated from the iodine ͑which served as the vapor transporting agent͒ by cooling the opposite end of the ampoule to 77 K. In this fashion, sets of ZrSb x Te 5Ϫx and Zr y Hf 1Ϫy Te 5 crystals were prepared with nominal doping concentrations of xϭ0, 0.05, 0.15, 0.20, 0.245 and yϭ0, 0.25, 0.50, 0.75, 1.00.
B. Raman spectroscopic measurements
Room temperature Raman data were collected in the backscattering geometry by exciting the sample with the 514.5 nm excitation of an Ar ion laser ͑Spectra Physics Stabilite 2017͒. Using a cylindrical focusing lens, ϳ40 mW of laser power was focused into a 3 mmϫ0.1 mm strip on the ͑010͒ face of the doped crystals. A holographic supernotch filter ͑Kaiser Optical͒ was used to filter residual Rayleigh scattered light and the Raman radiation was detected with a liquid nitrogen cooled detector coupled to the ISA Triax 550 grating spectrometer.
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C. Electrical transport measurements
The electrical resistivity and thermopower measurements as a function of sample temperature were performed using a closed-cycle refrigeration system in the temperature range of 12-310 K. This system was computer controlled using LABVIEW software. 7 Samples were mounted on a custom designed chip that plugged into the measurement system. This chip was thermally sunk to the cold finger of the closed cycle refrigeration system. On this chip two copper blocks were fitted with a space between them. One of the blocks is movable to accommodate samples of different lengths. A 100 ⍀ metal-film resistor was attached as a heater to one of the blocks to heat it to a greater temperature relative to the other block and thus provide a temperature gradient. The two junctions of a 3 mil AuFe ͑0.07 at. % Fe͒ versus Chromel differential thermocouple were attached to the copper blocks with Stycast epoxy resin to measure this temperature gradient. The thermocouple was electrically isolated from the blocks by the stycast and a small piece of cigarette paper. Two No. 34 copper wires were laid on each of the copper blocks parallel to each other with Devcon 5-Minute epoxy. The samples were laid across these four wires and connected to each of them with gold paint. The two outer wires served as current leads and the thermoelectric voltage leads. The two inner wires measured the resistive voltage.
III. RESULTS AND DISCUSSION
A. Raman spectroscopy Figure 1 depicts the behavior of the Raman active modes in ZrSb x Te 5Ϫx crystals as a function of nominal dopant concentration x. Considerable changes in the peak intensity and the full width at half maximum height of the peaks in the Raman spectrum of the parent ZrTe 5 crystal are observed at higher nominal dopant concentrations. For the parent materials, Landa et al. 5 . They have identified the A 1g modes from a detailed polarized Raman study. However, the xϭ0 spectrum in Fig.  1 shows only four distinct peaks at 118, 123, 148, and 182 cm Ϫ1 , with the 182 cm Ϫ1 peak being the most intense peak. Due to the inefficient rejection of the stray ͑Rayleigh͒ light by the supernotch filter below 100 cm Ϫ1 , the lower energy peaks that were previously observed by Landa et al. are not observed here. Also shown in Fig. 1 For a nominal doping concentration of xϭ0.05, the peaks at 123, 148, and 182 cm Ϫ1 are broadened. Greater spectral changes are seen when the nominal doping concentration is increased to xϭ0.245. X-ray diffraction studies have shown that the pentatelluride structure remains unchanged for all nominal Sb doping concentrations. 1 The absence of significant doping induced shifts in mode frequencies ͑with the exception of the 148 cm Ϫ1 mode in the parent material͒ suggests that no charge transfer takes places between the parent and the Sb dopant, probably due to similar electronegativity values for Te ͑2.1 Paulings͒ and Sb ͑1.9 Paulings͒. Tentatively, we attribute the spectral changes in Fig. 1 due to Sb dopant replacing Te atoms in the Te II sites within the prismatic block of the parent ZrTe 5 materials, which subsequently suppresses the 180 cm Ϫ1 mode intensity due to changes in the associated bond polarizability. Therefore, it would be useful to measure the Raman activity of modes that are present below 100 cm Ϫ1 and involve Te II atomic vibrations. Further, the 118 cm Ϫ1 mode also involves the same pair of Te atoms ͑see Fig. 1͒ , however, due to Sb induced linewidth broadening, it is not clear whether this mode concomitantly vanishes with the 180 cm Ϫ1 mode. We should point out that in previous work on the transport properties of the suppression of the resistive anomaly with Sb doping, that extensive electron microprobe work was performed to resolve the dependence of the resistive anomaly on Sb concentration. The microprobe analysis was discussed in detail in Ref. 8 . We tried very hard to determine the exact composition of the Sb with microprobe but very low levels less than a few % could not be resolved. Unfortunately, by the time the Sb reached a level that was clearly detectable and resolved, the anomaly had been already suppressed at that concentration. Raman spectra for doped pentatellurides Zr y Hf 1Ϫy Te 5 were also obtained for nominal Zr doping concentrations indicated in Fig. 2 . The Raman spectrum for the ZrTe 5 has been discussed in Fig. 1 in the respective peak positions are observed in the two spectra in Fig. 5 , their respective intensities are in reasonable agreement.
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IV. CONCLUSION
Within the ZrSb x Te 5Ϫx samples, the effects of the dopant have an obvious and dramatic impact on the electrical transport properties, as well as Raman modes of the material. Our measurements tentatively suggest that the Sb dopant substitutes Te atoms in the Te II sites within the prismatic block of the parent ZrTe 5 materials and affects the bond polarizability of the 182 cm Ϫ1 mode. A detailed study of the modes below 100 cm Ϫ1 as well as an investigation of the effects of an isoelectronic dopant of ZrTe 5 , such as ZrSe x Te 5Ϫx , is needed to verify these findings. In the case of Zr y Hf 1Ϫy Te 5 samples, both Raman and electrical transport measurements can be interpreted as a linear combination of the corresponding properties of ZrTe 5 and HfTe 5 . This suggests that the Zr y Hf 1Ϫy Te 5 samples are highly homogeneous.
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